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SOME RESULTS OF FLIGHT TESTING OF SKI-EQUIPPED ATRCRAFT
AT THE NAVAL AIR TEST CENTER

By Preston E. Beckt
SUMMARY

This report covers in pert the results of flight testing of four
different ski-equipped alrplanes at the Naval Alr Test Center. Two
types of skis were investigated, namely, (1) hydro-skis designed to
operate under or on the water surface and (2) general-purpose skis
designed to operste on & variety of surfaces but not under water.

Récorded herein sre a portion of the results of the tests on the
general practicabllity of the skl installistions and their hydrodynamic
characteristics. Of particular interest was the proof of results indi-
cated by model tests conducted by the Netional Advisory Committee for
Aeronantics of the superior handliing characteristics in rough water of
the hydro-ski——equipped alrplene as compered with conventionel hull-
type seaplanes.

INTRODUCTION

The rapid Ilncrease in the size and weight of military airplanes
has taxed the capacity of eircraft carriers and sirfields to support
flight operations. This has led many designers to the consideration
of using the extensive ocesn sreas and adjJacent beaches as airfields.
Although the space is availsgble, the ever changing shape of such sur-
faces has presented formidseble problems. There hes resulted, there-
fore, en investigation by personnel of the United States Navy, assocl-
ated civilien sgencies, end the NACA of the possibility of utilizing
ski-equipped aircreft to operate In such areas. The flrst step in the
program was extensive model tests by the NACA. A portion of the date
obtained from these tests is glven in references 1 through 6.

This report presents in part the results of the second step in the
program consisting of full-scale flight testlng of ski-equipped JRF-5,

lrieutenent Commender, United States Navy.
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SNJ-5C, and OE-1 airplenes. The purposes of these tests conducted at
the Naval Alr Test Center were to evaluate the hydrodynamic charscter-
istics, determine the general practicablility of ski installastions, and
obtain dsta on the loads being sustained by the landing gear. With
Ehe except%on of-the OE-1 sirplene, all the skl-equipped airplenes were

tegt beds for development work amd were not intended for general use
by the United Staetes Navy.

The tests were of a quantitstive as well as qualitative nature.
Detslled information regarding the special instrumentation and piloting
techniques is not given herein but mey be obtained from the Buresu of
Aeronantics, Navy Department, Washington, D. C.

This report has been made availsble to the NACA for publication
because of its general Interest.

DESCRIPTION OF TEST VEHICLES

Two types of skis were tested. The first was the true hydro-ski
which was capgble of opersting under water or on the water surface.
The second type of ski had a flat bottom and wes deglgned to operate
on a varlety of surfaces, such as water, mud, sand, snow, grass flelds,
and peved runways. The latter type of ski was not capgble of under-
water operation and operation on the water had to be restricted to
speeds above that which allowed the skis {0 plane on the water surface.
Ko statlic flotatlion was provided with the alrplanes having this type of
general-purpose ski.

JRF-5 Airplsne With Single Hydro-Ski

Figure 1 shows a model JRF-5 airplane with a single hydro-ski
mounted below 1ts keel. Weter loads were transmitted through & strut
withln a vertical fairing at the airplene plane of symmetry. The
vertical fairing covered the strut to reduce the hydrodynamic drag.

The installation had interchangeeble rigid and oleo shock struts. With
the oleo shock strut installed, a one-piece fairing over the rigid strut
was replaced by two telescoping sections (fig. 2). The hydro-ski had

a fixed angle of lncidence and the trim was varled by rotating the
entire airplane. : : : - oo

A special feature was a hydrodynamic trim flap located at the
transom directly below the rudder of the airplane. The angle of
opening of this flap in the longitudinal plane could be set at 0°,
12.59, or 270. A brief evalustion was alsc made of outriggers mounted
below each wing-tip float.
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JRF-5 Airplene With Twin Hydro-Skis

Figure 3 shows a model JRF-5 alrplane equipped with twin hydro-
skis. The oleo shock struts which attached the hydro-skis to the alr-
plane were inclined 25° from the verticel ss shown in figure 3. 'This
geometric position resulted in bending moments that restricted oleo
action because of binding between the inner and outer cylinders. There-
fore, the oleo shock struts d4id not properly damp the loeds being trans-
mitted to the hull of the airplane. Oleo alr pressures in excess of
250 pounds per square inch were required in order to insure positive
strut extension under decreasing loads.

Figure 4 shows the spray dams which were attached to the bows of
the basic hydro-skis to improve the main spray characteristics.

The test sirplane festured self-conteained besching gear consisting
of a wheel in each hydro-ski slong wlth the tail-wheel assembly of the
original JRF-5 landing gear. In order to permit texying operations up
and down & segplane remp the hydro-skis were equlipped with a mechanism
which allowed them to rotate in the longitudinal plane.

Ski Instellation on SNJ-5C Alrplane

Figure 5 shows a model SNJ-5C airplane equipped wilth flat-bottom
skis heving a wheel assembly. The pilot could control the trim of these
skis in that they could be fixed 14° nose down (relative to the alrplane
thrust line) or 4° nose up. The pilot also had a control that would
permit the skis to seek thelr own trim individuslly (free trim). Two-
position hydraulically actuated flsps were attached to both sides of
each ski. These ski flasps, when lowered to the horizontal position,
increased the area of each ski epproximastely 45 percent.

Ski Installstion on OE-1 Alrplane

Figure 6 shows an OE-1 alrplane equipped with flat-bottom skis
gttached to the struts of the main lsnding gear. The basic OBE-1 landing
gear was not modified; the originel wheel assembly was used in conJunc-
tion with the skis to permit operations on hard surfaces. The trim of
the skis was controlled by the pilot in the same menner as was the trim
of the SNJ-5C skis.

This was the first ski-equipped alrplane tested to determine the
suitebility of the gesr for service use. This particular ski assenmbly
was unique in that 1t could be easily end quickly removed from any
particular eirplane and installed on another of the same type. After
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removal of the aessembly, the alrplafice was in 1ts original configuration
and could continue to operate off prepared surfaces.

RESULTS AND DISCUSSION

JRF-5 Airplene With Single Hydro-Ski

Take-off performaence.- Tsble I and figure T present representetive
date obtained during take-offs of the JRF-5 alrplane with a singie hydro-
ski where the parameters were varistion in gross weight snd the inter-
changesble rigid- oF oleo-shock-strut configuration. Figure 8 shows
the change in unporting and take-off performance with an increase in
gross welght from about 8,300 to 9,100 pounds. The maximum gross welght
of the unmodified airplane for water operstions was 8,000 pounds. (Transi-
tion of the hydro-ski from operstion under water to planing on the sur-
face is known as unporting.) The effect of increase in gross weight on
hendling characteristice was similar to that experienced iIn conventionsl
segplanes.

Handling and stebllity characteristics in smooth water.- Movement
of the center-of-gravity position from 20.0 to 26.5 percent of the mean
aerodynamic chord did not ceuse any change 1in handling characteristics
that are not found with conventionsl segplanes. At the forward center-
of-gravity position there was heavier spray through the propeller arcs
during unporting than at the aft position. This was due to the slightly
lower trim sngles for the forward center-of-gravity position.

Handling charscteristics during unporting improved when the hydro-
dynesmic trim flep was opened to the 12.5° position. The records 4id not
show substantial changes in the elevator positions, so it eppeared thet
the improvement was due to a reduction in elevator control forces.

The criticsl polnt of operation of the test alrplane was in the
unporting of the hydro-ski during take-offs. There was sufficient
engline power to provide positive ecceleration and sufficient elevator
control gt &ll times. Directlional control was excellent except for
the conditions noted below. In some cases unporting could not be com~
pleted, and this was the result of imsufficient lateral control. Further,
the unporting was accompanied by & great deal of spresy that resulted in
8 decresse in the avellsble power. When the pllot was unable to prevent
a wing float from contacting the water during unporting, the drag increase
was sufficlent to stop longitudinal acceleration and to csuse the pilot a
to lose directional control. The airplane then moved at a constant
velocity in a steady turn at a high angle of trim (hydro-ski partislly
unported) with the afterbody of the alrplane in contact with the water.
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This lateral-control deficiency was evident regardless of wind direction
but was so criticel thet crosswind operations were impractical.

When the planing veloclty decressed es in landings, the pitching
moment of the hydro-skli reversed from nose down to nose up and the angle
of trim of the airplane incressed from 3° to 6° to approximately 15°
to 20°. Submergence of the hydro-ski was rapid and, as the hull con-
tacted the water, the airplane usually yawed gbruptly in elther direction.

The approximate trim limits of hydrodynaemic stebility =sre shown in
figure 9. The unporting range for this hydro-ski asirplene configuretion
lies glmost entirely on the low-speed lower limit stability boundary.
The upper limit of stabllity was not investigaeted because of the excep-
tionally high trim angles that would be encountered.

During the hydro-ski-—submerged portion of the take-off run, the
pilot reported the occasional development of an objectionsble but con-
trolleble divergent oscillation in the longitudinel plane. This oscilla-
tion indicated inherent longitudinal instebility of the hydro-skl when
running submerged. Furither, when the hydro-ski was running submerged,

a violent uncontrollsble hooking in either direction was often encoun-
tered. Since the afterbody of the main hull was usuelly in contact with
the water during thls portion of the run, 1t 1s believed that this
hooking was due to the flow charsascteristics in this region. This could
not be checked wvlisually because sprsy obscured the flow.

Qleo shock strut and outriggers.- The oleo shock strut was larger
than the rigid strut. The correspondingly lerger strut feiring resulted
i1n a substantial decrease in the acceleration that could be obtalned
during unporting. The result was a deterloration of the lateral con-
trol characteristics during unporting.

Pilots noticed a decided difference between the two types of struts
when plening through weaves of short wave length. As the hydro-ski cut
each wave, there was s momentary change in the loading end in the wetted
area. At higher velocities this factor took on the aspect of a vibration.
The oleo shock strut was capsble of removing most of the vibration. How-
ever, at the velocities imvolved (80 knots indicated airspeed or less)
the vibration never became annoying to the pilots when the fixed maln
strut was installed in the sirplane.

Outriggers were installed below the wing-tip floats during the
tests to evaluate their usefulness. The desirsble procedure was to
keep the outrigger hydro-skis on the surface becasuse the drag was
substantially lower than when they were submerged. Unporting was
possible in more adverse wind conditions when this procedure was used
then when the outriggers were removed. However, the increase in drag
and weight due to the outriggers discouraged their use.
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Rough~water operation.- The rough-water handling characteristics of
the single hydro-ski-—equipped alrplane with the oleo-shock-strut con-
figuration were evaluated by cornducting landings and take-offs iIn the
Chesapeake Bay. All runs were made into the wind and waves. The water
becomes very rough in this aree during high winds, but the wave lengths
are short, in contrast with those in the open sea. One test was made
in an 18- to 20-knot north wind off the lee side of the western shore.

The waves were estlmated to be 2 to 2% feet high with about 30 feet from

crest to crest. Ancother test was made in a 20-knot south wind where the
fetch was gbout 90 nautlical miles. Waves were estimated to be 3% feet

high with an occasional 5-foot maximm and 50 feet from crest to crest.
These estlmates were made by comparing the wave dimensions with those
of the crash boat and the test airplsne. The water was sufficiently
rough durlng the later mentioned test that the crash boat (50 feet long)
suffered minor damage from the waves and the pllot reported that he was
ungble to see the horlzon when the sirplane was in the trough of a wave.

Landings 1n waves of this nature were surprisingly easy. A
conventlonal -type segplane of this size would have been bouncing,
pltching, and undergoing severe loads during the numercus impacts. In
the test vebhicle this bouncing and piltching could be controlled by use
of the elevators. As was indicated by model tests, the hydro-ski has
considerably less tendency to try to follow the wave contour than con-
ventional seeplane hulls, which results in improved handling character-
istics,

Rough-water take-offs were complicated by the heavy spray before
unporting. As power was gpplied, heavy spray would bresk over the bow
of the main hull of the seaplane, pass through the propeller arcs, and
strike the control surfaces. This resulted in subsbantlal losses in
propeller speed snd thrust end in high control forces. When the water
loads on the two propellers were substantielly unbalanced, the asym-
metric thrust caused the pilot to lose directlional control as the air-
plane was brought up to the high trim angle needed to unport the hydro-
ski, Once unmporting was accomplished, the take-off run could be made
without any further difficulty. Tt was very noticeasble to the pilot
that nearly comstant trim could be maintailned during the take-off run
after unporting and the airplane was not prematurely thrown into the
air by impact with a wave. This is in contrast with conventional sea-
plane rough-water operation.

JRP-5 Airplane With Twin Hydro-Skis

Spray charscteristics.- As the bows of the twin hydro-skis on the
JRF-5 alrplane penetrated the surface of the water (emergence or




w7 Sha2 ———— T

submergence), heavy spray was projected up and forward and the airplane
then traveled into this curtain of water. Further, the spray from the
chines of the hydro-skis traveled up vertically and passed through the
entire propeller disk area and covered the canopy with water. This
heavy spray over the alrcraft resulbted in very poor teke-off performance
and severe erosion of the propeller blades.

Installstion of spray dams on each hydro-ski arcund the bow and
along the outbosrd sides to statlon 35 ilmproved the characteristics.
The spray envelope was substantially reduced by this modification and
there was a noticesble improvement in the acceleratlon during unporting.
Figure 10 is a sequence of still photogrsphs taken during a take-off
that shows the spray characteristics with the spray dams installed on
the hydro-skis. The exceptionally heavy spray, shown in figure 10(c),
resulted -when the hydro-skis prematurely unported at a low trim angle.
Figure 10(e) shows the spray during the intended wmporting of the hydro-
skis when the airplane was deliberatly brought to a high degree of trim.

Hydrodynamic stability and conbtrol characteristics.- A qualitative
Investigation was made to determine the limits of the hydrodynamic stable
range. No Instabllilty was noted throughout the planing portion of the
take-off. Trim angles for planing were varied from 2° to 10° nose up.
The 2° trim angle is the lowest possible for comfortsble planing and was
set as an arbiltrary limit because nothing was known gbout the diving
characterlstics of these hydro-skis. The maximum trim angle was estab-
lished by the length of the hydro-ski struts at about 10© because at
this angle the sternpost of the main hull was in contact with the water.
At & gross weight of 8,600 poumds (center of gravity at 16.8 percent of
the mean serodynamic chord), teke-offs were made with full up elevator
without encountering unsteble oscilllstions.

The condition of the hydro-skis wnporting with the aircraft at
a very high trim engle was the most critleal point during a teke-off.
The spray charscteristics were such that the rate at which the trim
angle was decreased had to be very carefully Jjudged by the pilot. Im
figure 11 the time history of trim is given for five take-offs. The
longitudinal oscilllation following the unporting shown on some of the
trim records was not porpolsing due to Instebility but was introduced
by the pilot as he sought to lower the nose as rapidly as possible and
occasionally had to increase the trim sgain to raise the propeller arecs
relative to the spray envelope., This technique mmdoubtedly obscured the
lower limit of hydrodynamic stabllity 1f such a limit existed.

Qualitative tests showed that the twin--hydro-skl installation
exhlbited poor longltudinal conbtrol characteristics during the take~
off run prior to unporting (center—of—gravity position varied from 15.k
to 21.4 percent mean aerodynamic chord). The poor longitudinal control
characteristics were manifested by the fact that the pilot was often
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unable to prevent preemergence of the hydro-skils before conditions were ~
suitable for a successful unporting. The low unporting veloelty of this
particular twin-—-hydro-ski configuration was accompanied by so much
adverse spray that for extensive operations 1t had to be avolded even
though there was sufficient lateral control. Uhporting at a higher
velocity moved the spray envelope aft, decreasing the amoumt of spray
through the propeller arcs.

Take~off performance.~ Figure 12 is a plot of the effect of vari-
ation in take-off time with gross welght. It is suspected that the
performence would deteriorate very rapidly at gross weights above
9,100 pounds because of the effects of spray. Although there was only T
a small variation in take-off performsnce over the range of gross welghts ' o
tested, the higher weights had a declded effect on the piloting technique.
As the welght was Increased, the incressed wetted length of the hydro-
skls affected the spray characteristics unfavorably and it was necessary
to hold the alrcraft at relatively high trim angles Jjust after unporting
in order to prevent an increase in the amount of heavy spray through the
propeller arcs. This high trim angle resulted In higher over-all drag.
There was, therefore, relatlively poor acceleration in a range where
acceleration would be excellent if the trim could be immedistely
decreased to the optimum planing esttitude (3° to 6°).

Landing characteristics.~ Landings were not accompanied by any
unusuzl control problems. Handling characteristics are superior to
those of conventional hull-type seaplenes. If drifting was not com-
pletely eliminsted Just prior to contact with the water, the hydro-skis T
planed in a yawed condltion (yaw angles sbove 2° have not been investi-
gated in this speed range) with no tendency to water-locp. When landing
downwind, conventlonal seaplanes have a tendency to go to very low trim
angles and care must be taken not to allow the curved portion of the . ST T
forebody to enter the water st high speeds, as this results in a strong
destabilizing moment (pitch_down). The hydro-skis eliminate this factor
because. of the absence of a large curved keel near the bow.

Beaching wheels and varisble-—trim mechanism.-~ The utilizdtion of
wheels within the hydro-skis to allow unassisted beaching and launching
1s vastly superior to the use of beaching gear. The test alrplane could
be taxied down the seaplane ramp as soon as the engines were warm and
take-off could be commenced as soon as the water was reached. For mili-
tary operations, thls is preferable to the standard sesplane launching
operation as now practiced.

Difficulty was experienced with the mechanism associated with rota-
tion of the hydro-skis in the longitudinal plane when beaching or
launching. The mechanism was contained within the hydro-skis and was
repeatedly immersed in salt water. Corrosion became a problem and exten- -
sive maintenance was required to keep the moving psrts functioning.

* -
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Ski Installatlion on SNJ-5C Airplane

The SNJ-5C alrplane wss operated on paved ruuways, dry grass fields,
a soft sand beach, a segplane ramp (12 to 1 slope), and also water under
varied wind and surface conditions. These were all sultable surfaces
except for the beach and there the wheel and ski drag was so high that
the available engine power would not move the airplane.

Operation from a ramp.- With the skis In the free-to-trim condition
the airplane could be stopped on & hard surface such as a seaplane ramp.
For take-off from a seaplane ramp a short run to the water was sufficient
to allow the airplane to resch planing veloclity. When sufficient veloc-
ity was obtained to plane with ease, the skis were fixed in the 4° nose-
up position and the ski flaps railsed. This change in configuraition
would normally result in a reduction in drag and permit teke-off 1in g
shorter length of time. It was possible to railse the ski flaps too
soon. When this was done, the wetted ski length, and consequently the
drag, could be increased to the point where the drag exceeded the thrust.

Operation in choppy water.-~ The alrplane was close to the water
during taxying operations because of the short distance between the
skis and the fuselage. When the waves were over 12 inches in height,
the crests of the waves struck the wing flsps and subjected them to
severe water loads. Crosswind taxying in waves over 6 inches high was
not practical because the skis rode the crests and troughs of the waves
alternately, introduecing rolling of the airplane that brought the wing
tips uncomfortably close to the water.

Ski Imstallation on OE-l1 Airplane

Operatlion from prepared surfaces.-~ Operation of the OE-l airplane
with the ski installation from s paved surface was similar to that of
the basic airplane. The skl installation did not place any limitations
on the alrplane with regard to operating off a hard surface.

Operation from open fields and swamp areas.- A grass field, wet or
dry, was found to be an excellent surface for ski operations. The skis
were gllowed to trim free so that they could rotate while passing over
the uneven terrain and in tall grass., Large obstructions and sharply
sloped depressions obviously were avoided. )

Teke-offs and landings were made in mud and muck of several con-
sistencies. Mud conbaining a high percentage of sticky clay was found
40 be unsultable. As the wheels roteted, the mud stuck to the tires
and filled the space between the wheel and ski. The mud accumulation
could stop wheel rotation. During taxying tests in the mud, straw and
brush were found to be effective in reducing the sticking tendency.

= b g
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Removal of the wheel spray shlelds from the skis alded operations in mud
areas because the resulbant increase in wheel-ski clearance enabled the
mud-covered wheel to robate more freely. Operations in muck as found in
swamp areas were more successful, for the drag was lower and the muck
did not stick to the wheels,

Operation in water-beach areas.- Approximetely 100 landings and
take-offs were mede ubtilizing water-beach areas as shown In figure 13.
The beaches were composed of sand. Relatively firm sand such as that
uncovered by an ebbing tide and sand with a high gravel content were
generally suitable for operations. It was difficult if not impossible
to taxli unassisted where there was surf or loose wind-blown sand above
the high-water mark. Forward movement of the alrplane 1n this type of
sand often resulted 1n a mound of increasing size belng bullt up ahead
of the flat ski bow. After only & few feet of travel, the mound often
became large enocugh to stop forward motion completely. A relatively
fast taxying speed usually enabled the skis to pass over and through
loose sand to firmer sand further inland. To free the alrplane from
loose sand, the assistance of three men pushing ageinst the wing struts
was required., It 1s believed that a ski bow such as that used on speed
boats would improve the taxying characteristlcs on sand surfaces. Such
a bow would tend to trim-up and push the sand to one side rather than
plle 1t ahead of the ski.

At the edge of the water small-radius 180° turns were successfully
made, enabling the alirplane to operate from small beach aress. These
turns were made with the tall of the alrplane over the water 1n order to
keep cleaxr of obstructions sbove the high-~water mark.

The transition from the beach to the water was the most critical
point in the operation. When waves were breaking on the beach, the tran-
sition became more critical. Successful take-offs were made Into s
12-inch surf. The above condition was not limiting; but, since there was
deceleratian upon initial contact with the surf as heavy spray broke over
the airplane, good inltisl eirplane accelerstion and a relatively high
ground speed were required before turning into the water.

Operation on snow.- Operations were conducted on paved runways and
grass fields covered with freshly fallen light dry snow up to 8 inches
deep. Acceleration was poor In light dry snow because the skis sank
until the wheels contacted g hard surface. It was possible to taxl across
snow drifts over 2 feet high which were left by a snow plow. To do this a
run of at least an alrplane length was needed to cbtain good initial accel-
eration before conmtactling the bank.

Operations were also conducted on paved runways and grass flelds
covered with wet (melting) snow up to 10 inches deep. Take-off perform-
ance was good 1n wet snow up to sbout 6 inches deep. The wet snow
accumulated on top of the skis i as the top of the wheels.
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Operation in choppy water.- The tests had to be curtailed before the
full capabilitles of the airplane in rough water could be determined. It
was noted that waves 6 inches or more in height would start the landing-
gear assembly vibrating up and down at 1ts natural frequency. The steel-
spring landing-gear strut was effective in reducing the loads being
transmitted to the airplane, bubt no provision was made for damping and
waves are an excellent forclng function. In waves the vibration was
accompanied by adverse spray and 1% was surmised that the limit would
soon be reached in waves over 1 foot high.

CONCLUSIONS

Flight testing of JRF-5, SNJ-5C, and OE-1 airplenes equipped with
skis yielded a number of concluslons, as listed below:

JRF-5 Airplane With Single Hydro-Ski

1. Handling characteristice were sablisfactory in the center-of-
gravity renge tested (20.0 to 26.5 percent mean serodynemic chord) and
were similar to those encountered in a conventional slrplane.

2. Increasing the gross welght decreased the take-off performsnce.
The hydro-ski made it possible to operate the test vehicle off the water
at substantially higher gross weights than were posslble with the stand-
ard configlration. '

3. The most detrimenteal factors discovered under all conditions
tested were marginal lateral control and heavy spray through the
unporting range during teke-off.

4. The hydro-ski exhibited exceptiomally good rough-water charac-
teristics. The pilots conducted landings and take-offs directly intbo
the oncomlng seas without subjecting the alrplsne to severe loads. It
was particularly noted that the ski-equipped airpleane had less tendency
t0 bounce into the air after impact with a wave than conventional seg-
planes.

JRF-5 Airplane With Twin Hydro-Skis
l. The spray characteristics were wmsatisfactory. This resulted in

inferior take-off performance as compared with other ski-equipped sir-
planes which were evaluated at the Naval Air Test Center.

R
:
:
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2. A qualitative investigetion did not disclose the presence of an
upper or lower limit of hydrodynamic stebility. Pillot technigue may
have obscured the presence of a lower limit.

3. Handling characteristics were satisfactory except for the region
prior to unporting in the center-of-gravity range tested (15.4 to
21.4 percent mean aerodynamic chord) and were simllar to those encountered
with conventionsl seaplanes,

4. The eliminstion of beaching gear by incorporation of wheels within
the hydro-skis is very desirable.

SNJ-5C and OE-1 Airplanes With Skis

l. The ski Installations increased the versstlility of the alrplanes
by permitting operations from a varilety of surfaces including established
airfields. There were some limitations, however, in operation on loose
sand, mud, snow, and rough water, particularly with the SNJ-5C airplane.

Navdal Air Test Center,
Patuxent River, Md., July 9, 155k.
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WEEX T, WMXE-FF ERCORDS FOR JAF-S ATHFPIARE WISl SINGLE HYDRO-SXT
(a) Rigid-strut configmratiom

T

Faocimm
Dapertd ng Taka-off pltaking moment &
Conter-of - Ryirodyneeric. 411
grevity position, Hiﬁh:eo]tfcitr, trin-flap
pardent M., C. cpaning, deg e fein P Cime Brn,D Bime Toddonted
’ m’ “’ m‘ edrapeed, Nosa op
xnots
Take-off gross weight, 8,540 1b
25.6 [ 12,5 18, 6.0 n.2 19.0 10,800
6 6 0 A 9.0 9.3 19.5 g 12,50
.6 6-8 o 1.8 6.0 8.3 19.0 &, 11,125
25,6 ] 21.0 17.0 10.0 10.6 24,0 60 7,025
23.6 2 2T.0 17.8 10.0 0.k 2.0 §0.5 ——
3.6 2 27.0 18.1 1,0 10.2 2.0 ] 72100
20.0 5 0 3 a.8 10.1 10.% 8.5 9,87
2.0 5 o 16.2 8.0 g-T 19.0 5.5 13,97
20.0 x5 125 1T.5 9.5 .1 20.5 o 8,200
20.0 5 12,5 11,9 9.7 9.8 20,7 5.5 10,500
235.6 8.dp 0 18,1 8,0 11.8 18.0 60 12,725
2,6 819 [} 118 7.0 12.0 110 38 7,178
2.6 5 12,5 —— 7.0 —— 19.5 60.5 9,
as.6 2 27.0 18,3 9.5 10.hk 2.5 6%.5 ———
26.3 b] 1.0 ;.7 9.0 1.6 18.0 6a 6,%&0
;0,0 [ 27.0 1.5 1.9 1.k 21.0 61.5 8,5%
20.0 6 21.0 1%.6 1.0 10.3 19.9 63 9,07
20.0 5 - 3 13.0 8.3 8.5 2.0 0] 15,000
3.6 [ 1 20.0 7.6 mn.5 18.5 60 18,000
6.7 8 o 15.d T.1 10.5 16.1 nf 15,000
Take-off gross weight, 8,740 1b
22.0 Calm 12.5 17.8 N1 1.2 2.0 = 8,00
22,0 Caln 12,5 20,7 l 9.5 1.0 19.0 €0,5 1,325
Take-off gross weight, 8,740 1
2.0 Calm 12,5 k.6 .0 I.a 26.0 £0.5 o0
2.0 Caln 12.5 15,2 10.2 .7 2.0 62.5 1l
Take-off gross welght, 9,140 1b
22.0 3 12,3 5.4 ' 1.0 0.8 s .o 9,000
22,9 ] 1a.5 18.0 l 11.0 12.0 5.0 65.0 8, ™

Morants are sbout podnt of attacheent of wain vertical strut to hydro-aki. They vare datermined by strain-gage msescrmmsnts of sxial forces {n
rigger strut viieh held bydro-ski at & 1z angle of incidenct.

by of keel of hydro-akl relstive to horizcn (nowe wp).
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MELE T, TAKE(OFF RECORDS TR JRF-) ATRETARE WITH SINGLE BYTRO-SET - Concluded

(b) Olac-shock-strut configurwtion

:
2
5

Grons c?‘ - . Oloa-strut Fina, sec Takn.off

walght, Pg:\:jg ¥ mlmty’ trim-tl?;smard.ng, (on or oft) pr.fh.m, ™o ﬁn S.irlpd?)e‘:.
pareent HJ..O. :L'n/aq_ B ¥ off Imots
8,500 23.6 13 0 ot Looked wp 9.k 17.8 59.0
8,%00 23.6 13 ] orr Locked up 10.1, 12.5 61.0
8,%00 5.6 12 0 ofe Locked wp 9.7 16.1 7.0
8,500 23.6 10 0 ore hoo ;.}.7 2.2 61,0
8,700 25.6 7 0 ore £00 ] —— —_—
8,300 25.6 0 0 oee 600 .7 2.6 8.5
8,500 23.6 10 0 oft 600 L% ) 2.1 62,0
8,500 25.6 iL:] o ofr Loo 15.0 23.3 aL.0
8,700 23.6 12 ] oft Loo 11.8 20.8 6.5
8,650 3.4 3 18,5 on Loo 15,0 28.0 6.0
8,630 2. ] 12,5 On Loo P1.0 %05 6L.0

Longltariinal aogeleraticn, Meoxclom trim,? Mecriwm pitehing Maximm angular acosleraticn,

£t/ae0? dag mcoment,® Th. " rafdisuafeec?

m:;nm; t ]M" re D'ml tak::.t-aff Fose up Fose dowm Noae up Nose dcwn
10.6 10.9 .9 9.h 13,200 9, 0,73 0.25
12,2 10.0 .2 5.5 12,000 8, .90 .0
12.2 n,3 12,8 5.6 6,900 9,150 K] 1.08
12.8 1.5 18.% 9.7 13,200 7,750 g 45
1.1 11.% 18.3 9 E 5,770 &,2%0 . 3
0.6 1.1 : 18,5 10. 11,100 7,900 .79 5L
15.7 10.2 13.2 9.k 6,100 8,800 . .50
9.8 10.6 ig 10.% 11,250 8,200 1,05 90
11.9 10,6 1 10.9 5,328 9,150 . .
10.2 10.0 16.6 8.3 5,625 »,800 .05 -0
10.0 9.6 17.% 9.1 6,700 7,900 37 1.7

mm.mmdmwwmmm-mtommu. They were determined by strain-gage moasuraments of axfal
farces in rigger strut which hald hydvo-akl at a fixsd sngls of ineidence,

Dyrin of keel of hydro-ski relative to horiscn (oose o),

CT
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Bepic JRF-5 Dimensions
: }
T 57" oy Over=all length 460  in.
' Beam 59.5 in.
30
- Wing area 375 aq £t
I°4'——-l Height of thrust line
I above keel at step 4.} in.
1,1,1.141_14|L1l|.4.|.4 I PR ISP TP WP ST (PO
0 20 40 60 80 K0 120 (40 80 B0 200 240 £80 320 360 400

Figure l.- Single hydro-ski on & JRP-5 airplane {oleo-shock-strut instsllation).
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NACA RM 54kT27

e, i . . L R

(b) Oleo-shock-strut configuration. L-87553

Figure 2.- Single hydro-skl imnstallation on a JRF-5 alrplane.
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/ H.R.L. o

SPRAY DAM - = - T -
H 56‘—-1 )
ail 308

oca y § 12° PARALLEL TO L

|6F WIIE?LT LOCATION OF 1/ NOTE: SKI IN UP — H.R.L.
. ] STEEL ROLLER
8l TRIM POSITION.
—=] 20" |=—

Basic JRF-5 Dimensions

TELESCOPING
FAIRING

Over-all length 460 in.

Beam 595 in.
STRUT ¢ Wing span 588 in.
Wing area 375 sq £t

Height of thrust
line above keel
at step gL 4n,

Flgure 3+~ General arrangement of twin-hydro-ski installation on a
JRF-5 airplane (oleo shock struts fully extended).
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(b) Close-up view of skis showing spray dams. L'8755)-l-

Figure 4.~ Twin hydro-skis installed on a JRF-5 slrplane (spray dems
_ installed).



L-87555

(a) Three-quarter frout view.

Figure 5.- SNJ-5C airplace equipped with flat-bottom gkis and a.wheel
assenbly.
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(b) Side view.

Filgure 5.~ Conecluded.

LerhG Wa YOuN




22

Figur
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{(v) Close-up view of skis.

e 6.- Ski assembly on an CB-1 ailrplsne.
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Elapsed time, sec

Gross weight approximstely 8,500 pounds; hydrodynemic trim flsp closed;

Figure T.- Take-off records with a single hydro-skli on a JRF-5 airplane.
center of gravity at 23.6 percent mean serodynamic chord.



Groas welight, 1b

V/{ ?/v
9,000 L
\74 \% v
8,500 Unport Teke-off
\%,% v
8,CKX) i | ] | A | | H | ] | | |

0 2 ¥ 6 8 10 12 1 16 18 20 22 24 26

Time, sec

Figure 8.- Variation of unporting end take-off time with gross weight for
JRF-5 airplane with single hydro-ski mounted on rigid strut. Hydro-
dynamic trim flap open 12.5C; center of gravity at 22 percent mean
gerodynamic chord.
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Trim of hydro-skl keel, deg

Nose up

19 4 %

ol Unporting ///,r”
reglon /

15 1 77
13 4 ’/j:j:/, Take-off
1 + // Steble

9 4- Approximate position / /

of lower limilt /

7T / /
: 5 L UDB‘t&blE

3 } —t f i { —

0 10 20 %0 Ty 50 60

Indicated airppeed mimus wind velocity, knots

Flgure 9.- Approximate trim limits of hydrodynamle gtabllity of JEF-3 alr-

plene with a single hydro-ski (upper limlt not determined

).
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Figure 10.- Unporting of JRF-5 alrplane with twin hydro-skis.
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Figure 10.-

Concluded.
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Figure 12.- Variation of unporting and take-off time with gross welight
for JRF-5 alrplane with twilin hydro-skis.
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(a) Approach. (b) Transition.
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Figure 13.- Water-to-beach landing of OE-1 airplene equipped with skis.
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